We provide estimates of the size and dollar value of shadow economy for a set of countries between 1950 and 2015, following the methodology of Solis-Garcia and Xie (2018).
Introduction
This paper builds on the methodology of Solis-Garcia and Xie (2018) and derives estimates of the size and monetary value of the shadow economy for a panel of countries between 1950 and 2015.
In a nutshell, the methodology uses the restrictions imposed by a full-fledged dynamic general equilibrium (GE) model to measure the size and dynamic behavior of the shadow economy. While earlier GE-based contributions have attempted to do this, they all omit one key factor, which is to consider the trends that are observed in the formal (measured) economy. 1, 2 To see why this matters, consider the works of Ihrig and Moe (2004) or Elgin and Öztu-nalı (2012) ; both of these are highly-cited and GE-based works. The former considers stationary economies only, which forego all the information contained in the real-world trends. The latter imposes dynamic relationships between the model's trend growth rates that are not necessarily equilibrium rates. As shown by Solis-Garcia and Xie, incorporating the trends of the model into the analysis provides a very different picture of the underground economy.
The main contribution of the paper is a dataset that offers time series for (a) formal-sector real GDP (hereafter RGDP), (b) shadow-sector RGDP, (c) total (formal plus shadow) RGDP, and (d) the size of the shadow economy as a fraction of the formal economy. The dataset includes 60
countries, yet data availability forces us to have staggered starting dates: 30 countries have data for the entire sample , 15 countries begin in 1970, and the remaining 15 do so in 1990.
The rest of the paper proceeds as follows. Section 2 briefly reviews the methodology used to generate the values in the paper and Section 3 presents some data preliminaries. Finally, Section 4 presents some aggregated results and Section 5 concludes. Appendix A contains the country 1 Other papers use econometric techniques to infer the size of the shadow economy (e.g., Medina and Schneider 2017 or Schneider et al. 2010) ; as documented in Solis-Garcia and Xie (2018) , this methodology exhibits some issues when looking at the dynamics of the shadow economy.
classifications for all the Figures in Section 4, while Appendix B presents a table with summary statistics of the size of the shadow economy for all countries in the sample. All the data discussed in the paper can be found in XLSX format at the corresponding author's website. 3
A brief review of the methodology
This is an abridged description of the methodology we use to derive the results. For additional details, see Solis-Garcia and Xie (2018).
Economic environment
We consider a deterministic environment consisting of a representative household-producer and a government; in what follows, uppercase letters denote trending variables while lowercase letters denote stationary variables.
Household-producer The household-producer chooses sequences of consumption C t , hours worked N t , and investment X t to maximize the discounted flow of period utilities, namely
In the expression above, β ∈ (0, 1) is the discount factor, χ ≥ 0 represents the inverse of the Frisch elasticity of labor supply, and Γ Ht is a permanent shock that affects the household's labor supply.
The household-producer's maximization is subject three constraints. First, a law of motion for capital 
where N F t denotes hours worked in the formal sector and N St does so for the shadow sector. Third, a budget constraint
where α ∈ (0, 1) is the capital income share in formal output, η > 0 is the labor share in shadow output, Γ At is a permanent shock to the production of investment goods, and τ t ∈ (0, 1) is a tax on formal sector output. The last term in (2.3) represents shadow sector output; importantly, we assume that the government cannot tax output produced underground. 4 Formal and shadow production technologies are subject to the permanent productivity shocks Γ F t and Γ St .
Government sector
The literature on the shadow economy (e.g., Ihrig and Moe 2004) has empirically shown that tax rates are negatively related to shadow sector size; we incorporate this feature of the data by including a government sector. In particular, we assume that the government uses tax revenue to pay for wasteful expenditure G t and that it complies with the period-by-period budget constraint
Exogenous variables
The set of (permanent) exogenous variables is given by Γ Ht , Γ At , and See Solis-Garcia and Xie (2018) for a discussion on why adding an audit probability to the shadow sector production doesn't change the results that follow. growth rate of variable i = H, A, F, S, it's obvious that
and
Equilibrium
The equilibrium conditions of the economy are as follows. First, by the household-producer constraints described above:
Second, we add an intertemporal condition
two intratemporal conditions-for formal and shadow labor, respectively 11) and the government budget constraint
Third, we add expressions for formal (Y F t ), shadow (Y St ), and total (Y t ) output, namely
These expressions provide a clean mapping between theory and data. Finally, we also derive an expression for the decentralized price of investment goods, given by
The role of trend growth
Theory There are four model trends in the economy: the household's choice of hours worked (Γ Hproduction function, g S , are given by
Equation (2.20) is key, as it links the evolution of the shadow sector to the exogenous growth rates of the model {g H , g A , g F } along the equilibrium path. We now show how to calculate these growth rates from real-world data. 
Parametrization and solution method
We set α = 1/3 and χ = 1; 5 we also need the following Assumption 2.3. The observed (real-world) value of RGDP corresponds to formal output Y F t .
To obtain the value of the shadow sector labor input parameter η, we first need to pin down the value of the shadow-formal output ratio for some base year t 0 ; call this value
and hence, using real-world data for formal output, shadow output at t 0 is given by
Take (2.24) once more, but now substitute the definition of Y S,t 0 , equation (2.14):
From this expression we can easily solve for N S,t 0 , which equals
To wrap up, solve for η from the intratemporal condition (2.11):
The technical appendix to Solis-Garcia and Xie (2018) contains a sensitivity analysis over the values of χ; it also shows that dropping the assumption of logarithmic utility over consumption doesn't result in a major quantitative change. and substitute from (2.25) and (2.26) to get 6
Expression (2.27) is a nonlinear equation in η; note that all the variables in the right-hand side of the equation-other than η-are known. We use a fixed point procedure to find the value of η such that (2.27) is satisfied (the fixed point algorithm is detailed in Solis-Garcia and Xie 2018).
3 Data preliminaries
Sources
From the Penn World Table 9 .0 (see Feenstra et al. 2015) we obtain the following variables (where appropriate, mnemonics are indicated in parenthesis):
1. Real GDP at constant 2011 national prices (rgdpna).
2. Capital stock at constant 2011 national prices (rkna).
3. Share of government consumption at current PPPs (cshg).
Price level of capital formation (pli).
From The Conference Board, 7 we obtain the following variables:
5. Midyear population.
6. Total annual hours worked. 12. Shadow-to-formal output ratio: 7.
Aggregation
The series presented in Section 4 below are weighted averages of the shadow-to-formal output ratio, using country population as a weight. In each case, data from multiple countries are averaged according to criteria such as region, income level, and so on. 
to-formal output ratio of group
G m in period t is Y m [S/F ],t = ∑ j∈G m w m jt Y m [S/F ], jt , for j ∈ G m .
Results
We now present time series for the size of the shadow economy, aggregated across four main dimensions: region, income level, trade block, and trade openness. 9
By region
A limited sample of countries have data from 1950 onwards; consequently, some trends differ markedly once more countries are included in later time series. 10 The first point of interest in Details on how we classify countries within each dimension are found in Appendix A.
10
To ease comparison between samples, Figures 1 and 2 share the same y-axis scale. 
By income level
The series in Figure 3 reveal marked disparities among income levels. While the size of the shadow economy is virtually constant over the observed period in high income countries, it is consistently increasing in lower-middle and upper-middle income countries. Note, interestingly, that the shadowto-formal output ratio is larger in upper-middle income countries-though the gap seems to be closing over time. 
By trade block

By trade openness
To derive Figure 5 , we first calculate the median trade openness for all the countries in the sample.
Countries whose trade openness was greater than the median were classified as high trade openness, and vice versa. Figure 5 shows that prior to 2000 both groups of countries had a very similar level of shadow-to-formal output ratio; a gap begins to form after that year and by 2015, the size of the gap is about 6 percentage points.
Conclusion
In this paper, we have used the methodology of Solis-Garcia and Xie (2018) 
